Objective: To determine the histidine frequency in patients with the cuticular drusen phenotype of agerelated macular degeneration (AMD).
A GE-RELATED MACULAR DEgeneration (AMD) is the most common cause of irreversible visual loss in the developed world, affecting more than 10 million people in the United States alone. 1 Drusen are the hallmark lesions of AMD. In 1985, Kenyon et al 2 described a peculiar fundus pattern characterized biomicroscopically by diffuse, 25-to 75-µm, yellow, circular drusen. These drusen often cluster in groups of 15 to 20, resembling streptococci seen on Gram stain ( Figure 1A) . Commonly appearing in early adulthood, this phenotype is best appreciated on fluorescein angiography, which reveals a "starry-sky" appearance ( Figure 1B) . 4 Russell and coworkers 5 have demonstrated that histopathologically these drusen are indistinguishable from those found in typical AMD.
Patients with a specific form of autoimmune renal disease, membranoproliferative glomerulonephritis type II (MPGN II), develop cuticular drusen. 4, [6] [7] [8] [9] [10] [11] [12] [13] [14] The fundus features of this condition develop at a young age in individuals with MPGN II and are commonly present by the second decade of life ( Figure 1C ). Variants in the complement factor H gene (CFH) (Online Mendelian Inheritance in Man, [OMIM] #134370) have been implicated in the pathogenesis of MPGN II in both animal models as well as in humans. [15] [16] [17] [18] A number of studies have recently identified an association between AMD and the c.1204TϾC, p.Tyr402His allelic variant in the CFH gene. [18] [19] [20] [21] In Caucasian patients with AMD, a histidine allele is present in approximately 55% of individuals and confers a 3-fold increased risk for AMD (odds ratio, 2.45-4.6). Individuals with MPGN II have a 70% frequency of the histidine variant. 18 We assembled a group of patients with the cuticular drusen phenotype and hypothesized that the frequency of the histidine allele in this population might be similarly increased when compared with a cohort of AMD patients and controls.
METHODS

PATIENTS
The recruitment and research protocols were reviewed and approved by the University of Iowa institutional review board. Informed consent was obtained from all study participants. All patients were examined by an ophthalmologist and were found to have signs consistent with the clinical diagnosis of AMD. Only those individuals with normal examination findings were enrolled as controls. All patients were ascertained from the University of Iowa's Department of Ophthalmology. The AMD patients and controls were all more than 50 years old (average age of controls, 75.5 years). Only Caucasian individuals were enrolled in this study. All participants were ascertained during the same period by the same clinic.
Two of us (M.A.G. and J.C.F.) assigned individuals to the cuticular drusen cohort. Both reviewers independently graded the ophthalmoscopic images of more than 1000 individuals with AMD to identify patients who exceeded the threshold for the cuticular drusen phenotype as defined by a standard photo ( Figure 1D ). Irreconcilable disagreement between the 2 grad- Ophthalmoscopic and angiographic features that characterize the cuticular drusen phenotype. A, Thirty-degree color fundus photograph centered on the macula demonstrating classic features of cuticular drusen, including a vitelliform macular detachment. 3 B, Negative fluorescein angiogram of the same patient taken at 55.2 seconds revealing multiple pinpoint areas of hyperfluorescence corresponding to drusen in a "starry sky" distribution. Note the fluorescein blockage and associated early leakage due to a drusenoid pigment epithelial detachment. C, Sixty-degree fundus photograph centered on the macula of a patient with membranoproliferative glomerulonephritis type II demonstrating diffuse cuticular drusen. D, Threshold photograph used for grading the cuticular drusen phenotype. Classification required the presence of cuticular drusen on fluorescein angiography of equal or greater number and extent than that visualized in this frame.
ers disqualified the patient from inclusion in the study. The reviewers were masked for patient genotype. Inclusion criteria included the presence of all of the following: diffuse small, circular, uniform drusen distributed throughout the macula extending to the arcades of greater number and extent than that visualized in Figure 1D ; characteristic clustering or clumping of the drusen into groups of 15 to 20 3 ; and early hyperfluorescence of drusen on fluorescein angiography with greater than one half the fundus area revealing pinpoint hyperfluorescence. Fundus photos were also analyzed for the presence of geographic atrophy and choroidal neovascularization.
GENOTYPING
We extracted DNA from peripheral blood according to a previously described protocol. 22 We used 12.5 ng of each patient's DNA as template in a 8.35-µL polymerase chain reaction containing 1.25 µL 10X buffer (100 mM Trishydrochloric acid, pH 8.3; 500 mM potassium chloride; 15 mM magnesium chloride); 300 µM each of dCTP, dATP, dGTP, and dTTP; 1 pmol of each primer; and 0.25 units of polymerase (Biolase, Irvine, Calif ). Samples were denatured for 5 minutes at 94°C and incubated for 35 cycles under the following conditions: 94°C for 30 seconds, 55°C for 30 seconds, and 72°C for 30 seconds in a Peltier DNA thermocycler (PTC-225; MJ Research, Johannesburg, South Africa). Primers were generated based on the GenBank sequence of the CFH gene (NM_000186.2):
F: 5Ј TCATTGTTATGGTCCTTAGGAAA 3Ј R: 5Ј ACTGTGGTCTGCGCTTTTG 3Ј We added restriction endonuclease N1aIII (New England Biolabs, Ipswich, Mass) to the polymerase chain reaction products in the following reaction per well: 1.2 µL 10X bovine serum albumin, 1.2 µL NEBuffer 4 (New England Biolabs), 0.2 µL NlaIII (10 000 U/mL), and 1.05 µL nuclease-free water. The samples were incubated at 37°for 2 hours in a DNA thermocycler (Omnigene; Hybaid, Middlesex, England). After digestion, 5 µL of stop solution (95% formamide, 10 mM sodium hydroxide, 0.05% bromophenol blue, 0.05% xylene cyanol) was added to each sample. Digested amplification products underwent electrophoreses on 2% agarose E-Gels (Invitrogen, Carlsbad, Calif ). All gels were stained with ethidium bromide for 15 minutes in the Invitrogen E-Gel Powerbase version 4, and the presence of the CFH C allele was determined by inspection of the restriction pattern (Figure 2) . Genotype correlation with the restriction pattern was confirmed in a small subset of subjects by automated sequencing.
STATISTICS
Standard error for allele and genotype frequency was calculated using the formula:
where p is the frequency, and n is the total number of alleles for allele frequency or the total number of individuals for genotype frequency. Significance of the genotype and allele frequencies was analyzed between the groups using a 2-tailed Fisher exact test.
RESULTS
CONTROLS
The prevalence of the histidine alteration was assessed in 252 unrelated subjects at the University of Iowa. The frequency of the risk allele in the University of Iowa control cohort is 34% (frequency±SE, 0.34±0.02)( Table 1) . The prevalence of the histidine allele ranges from 34% to 39% in the Caucasian population unaffected by AMD.
18-21
AMD CASES
We analyzed 700 unrelated individuals with AMD for the presence of the histidine allele at the Tyr402His locus. Risk allele frequency in the Iowa AMD cohort is 55% (frequency ± SE, 0.55 ± 0.01) ( Table 1) , which corresponds well with prior studies where the reported frequency ranged from approximately 46% to 59%. 
CUTICULAR CASES
Fifty individuals met the criteria for inclusion into the cuticular drusen cohort. The histidine allele frequency in this population is 70% (frequency ± SE, 0.70 ± 0.05) ( Table 1) , which closely approximates the prevalence reported in patients with MPGN II. 18 When the risk allele frequency in this group is compared with that observed in controls, a statistically significant difference is appreciated (PϽ.001; odds ratio, 4.54; 95% confidence interval, 2.79-7.50). Moreover, when allele frequencies are compared with the AMD cohort, this trend remains significant (P=.003; odds ratio, 1.91; 95% confidence interval, 1.21-3.07). Genotype frequencies between the groups were also analyzed and found to be similarly significant (PϽ.001).
Clinical characteristics of the cuticular cohort are shown in Table 2 . Sixty percent of the group was composed of women, and the mean age at presentation was 62.7 years (range, 34-98 years). Natural history was assessed by evaluating the rate of choroidal neovascularization (21%; 21/100 eyes); geographic atrophy (11%; 11/ 100 eyes); and vision in the better eye equal to or worse than 20/100 (22%; 11/50 patients).
COMMENT
The cuticular drusen phenotype has been given many different names. Initially called diffuse drusen, 2 it was later termed cuticular drusen followed by basal laminar drusen 4 and more recently early adult onset grouped drusen. 23 Because of its striking ophthalmoscopic and angiographic appearance as well as an earlier age at onset, this phenotype appears to be a distinct clinical entity within the heterogenous spectrum of fundus findings that compose AMD. There are at least 2 reasons that this phenotype is worthy of study from a genetic perspective. First, since the location and composition of cuticular drusen are identical to that found in AMD, it is likely that these 2 conditions share a common mechanism of drusen biogenesis. 5 Second, the characteristic early onset of this disorder suggests that there may be a greater genetic predisposition to this phenotype than AMD in general. Almost half of the patients in our cuticular cohort had a positive family history of AMD. In addition, individuals with the cuticular phenotype demonstrate a 2-times greater frequency of the histidine allele (c.1204TϾC, p.Tyr402His of the CFH gene) than patients with typical AMD. It is notable that cuticular drusen are also present in patients with AMD who harbor missense changes in the fibulin 5 gene (FBLN5) (OMIM #604580). 24, 25 Of the 50 individuals identified with the cuticular phenotype, 5 were homozygous for the protective tyrosine allele. To determine whether these patients were outliers, the clinical data for these patients were reviewed following unmasking of the graders. We sought to determine whether these patients were significantly older than those found in the remainder of the cuticular cohort. In addition, fundus photos for these patients were reanalyzed to whether there was a discernable ophthalmoscopic difference in the appearance of these patients. We speculated that on the phenotypic spectrum of cuticular drusen, these patients might be clustered to the left near the standard threshold image ( Figure 1D ). We found no difference in the age distribution of these patients. Moreover, of the 5 patients, 3 were considered to have classic, exemplary features of the phenotype that far exceeded the threshold criteria.
It has been suggested that the natural history associated with this phenotype may be better than that of AMD as a whole. 3 In our study, the prevalence of choroidal neovascularization was lower in the cuticular cohort compared with the overall rate in the AMD population (0.21 vs 0.40, respectively) ( Table 2) . 24, 26 The lower rate of cho- roidal neovascularization in the cuticular cohort may simply reflect a bias of ascertainment as the phenotype may be partially masked in those individuals harboring large disciform scars. Moreover, our data suggest that the course of cuticular patients is not benign with more than 1 in 5 patients developing vision of 20/100 or worse in their better eye.
In summary, our findings clearly implicate the CFH gene as an important determinant of expression of the cuticular drusen phenotype. To our knowledge, this is the largest cohort of patients with cuticular drusen reported to date. These data support the observation that cuticular drusen is a unique and identifiable phenotype within the spectrum of AMD. 
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